This paper presents a catalog 3 of the mean radial velocities of 471 giant stars in the galactic globular cluster ! Centauri, the large majority of which are con rmed as cluster members. The typical uncertainty in the mean velocities is less than 1 km s ?1 ; a variability indicator and notes on chemical peculiarities are provided. In extension of earlier dynamical analyses of ! Centauri, based on part of the data presented here (Meylan & Mayor 1986; Meylan 1987; Meylan et al. 1995) , a companion paper (Merritt et al. 1997 ) rediscusses the subject, based on the full data set and a new theoretical approach, using nonparametric techniques.
Introduction
Models of the kinematics and dynamics of globular clusters are constrained, on the one hand, by the radial pro les of stellar surface brightness or stellar number density and, on the other hand, by the proper motions and radial velocities of individual cluster stars. The traditional observational di culties in obtaining the latter type of data were largely alleviated by the pioneering work of Gri n (1967) , who demonstrated the potential capabilities of the cross-correlation technique for measuring the radial velocities of faint stars with high accuracy. This work was followed by several instrumental developments, among them the photoelectric scanners CORAVEL, developed in collaboration between the Gen eve and Marseille observatories (Baranne et al. 1979) .
One of the main science drivers behind these instrumental developments was the acquisition of precise radial velocities of globular cluster stars in order to study the internal kinematics and dynamics of these stellar systems. The two earliest such studies were published by Da Costa & Freeman (1977) and Gunn & Gri n (1979) , and since then radial velocities have been increasingly useful as observational constraints in studies of globular clusters (see Meylan & Heggie 1996 for a recent review).
When one of the CORAVELs was installed in 1981 at the Danish 1.5-m telescope at the European Southern Observatory (ESO), La Silla, Chile, a major objective was to measure stellar radial velocities in the two richest and nearest galactic globular clusters, viz. ! Centauri and 47 Tucanae. Studying these two clusters together is especially interesting since they have very di erent dynamical states: ! Centauri is a very loose cluster, with a concentration c = log (r t =r c ) = 1.2, and a very long central relaxation time t r; ' 10 9 yr (Meylan et al. 1995) , while 47 Tucanae is much more concentrated, with c = log (r t =r c ) = 2.1, and a much shorter central relaxation time t r; ' 10 10 6 yr (Meylan 1989) .
Consequently, ! Centauri is expected to be evolving slowly along a sequence of quasi-static { 4 { equilibrium models, characteristic of the slow pre-collapse dynamical evolution, while 47 Tucanae is thought to be close to core collapse.
During the last two decades, the purpose of building dynamical models of individual star clusters has been to construct various simpli ed mathematical descriptions each of them easily comparable with observations. Model tting techniques used for globular clusters belong to two broad families: parametric and non-parametric methods.
Foremost among the parametric techniques are King's models and their variants. King models approximately incorporate three essential dynamical processes: (i) dynamical equilibrium, (ii) the e ect of gravitational encounters between pairs of stars, which tend to set up a Maxwellian distribution of velocities, and (iii) a cuto in energy above which stars are considered to have escaped; the cluster potential c takes this value at a nite radius, interpreted loosely as the tidal radius r t .
Such models include a number of parameters (mass spectrum, concentration, anisotropy radius, etc.) which can be adjusted to optimize the t with observations. They are, however, based on strict assumptions with regard to the form of the distribution functions. These assumptions are based on dynamical theory, although in some respects they contradict or oversimplify it. The results can be strongly biased by the choice of the integrals of motion and the form of the functional dependence. Even when the pro les of mass density and velocity dispersion are known, the distribution function is still not uniquely determined (Dejonghe 1987; Dejonghe & Merritt 1992) ; for instance the anisotropy is still not completely constrained.
For this and other reasons it is worth considering methods which attempt to construct the distribution function directly from the observations, with minimal assumptions. The general aim of such non-parametric approaches is to infer the gravitational potential and the phase-space distribution function, given observations of the surface density and velocity { 5 { dispersion pro les of a \tracer" population. (Merritt 1996) . While increasing the depth and detail of the analysis, such an approach places large demands on the completeness and accuracy of the observations. In order to provide and document the observational basis for such a more re ned analysis of ! Centauri, this paper presents the results of twelve years (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) of CORAVEL radial-velocity observations of giant stars in ! Centauri. After a brief description of the acquisition and previous history of the data, Table 1 presents a catalog of the mean radial velocities of 471 giant stars con rmed as members of ! Centauri as well as a few stars revealed to be non-members by the radial velocities presented here.
Data
The radial velocity observations were obtained during numerous observing periods over the years 1981-1993 with the photoelectric spectrometer CORAVEL (Baranne et al. 1979; Mayor 1985) , mounted on the 1.5-m Danish telescope at ESO, La Silla, Chile. In CORAVEL, the spectrum of the observed star is cross-correlated on-line with a xed hardware mask constructed from about 1500 selected absorption lines in the spectrum of Arcturus (K0 III). Typical integration times on the ! Centauri giants are 10-20 minutes.
In ! Centauri, we have obtained a total of 1721 observations of 480 stars, providing mean radial velocities for 471 member stars distributed on the plane of the sky between 10 00 and 1342 00 from the center of the cluster. Radial velocity measurements for these giants have typical uncertainties of 0.7 km s ?1 . The remaining 9 stars are eld stars, as indicated by their low radial velocities. Table 1 presents the catalog of the mean radial velocities for all (cluster and eld) stars measured in the framework of this program. The rst column gives the identi cation { 6 { number of the stars: numbers between 1 and 6999 are the original numbers from Tables I  and II by Woolley (1966) ; numbers starting with the digit 7 indicate stars with the three last digits as in Table III by Woolley (1966) ; numbers starting with the digit 8 represent new stars following our own numbering, while numbers beginning with a 9 are new stars numbered by Norris et al. (1996) . All the new stars with numbers beginning with the digits 8 and 9 are identi ed in Figure 1 . It is worth mentioning that our set of stars with numbers starting with the digit 8 is not identical to the whole set of stars by Norris et al. (1996) with numbers starting also with the digit 8.
The next four columns give visual magnitudes V , color indices B ? V , and polar coordinates, i.e., the radial distance from the cluster center R sec , in seconds of arc, and the position angle T rad , in radians, from North to East. The following four columns give the mean radial velocity V r in km s ?1 , the uncertainty Vr of the mean radial velocity, the rms value Vr for stars with more than one measurement, and the number N of individual observations used in the mean radial velocity. The nal three columns give the probability P ( 2 ) that the observed Vr is due to observational error only, the time interval t in days between the rst and last measurements, and any remarks. Table 1 is also available available in electronic form at the CDS (Strasbourg) via anonymous ftp to 130.79.128.5.
Column 10 in Table 1 reveals about 20% of stars with a false alarm probability less than 1%, pointing towards an excess of radial velocity scatter compared to the internal errors of our measurements. The internal errors have been precisely determined by the statistical analysis of several large samples of well measured stars (e.g., a large sample of G dwarfs in the solar vicinity, by Duquennoy et al. 1991) . Most of these variable stars in ! Centauri are among the most luminous giants of the cluster and are a ected by intrinsic variability (the so-called jitter: Gunn & Gri n 1979 , Mayor et al. 1984 . Only very few of these stars are genuine spectroscopic binaries. The statistical estimate of the relative { 7 { importance of each source of variability will appear in a separate study 3. History and previous studies of the data An initial series of radial velocity measurements was obtained in 1981 -1983 . The mean radial velocities of 318 cluster members were used in a study of the internal kinematics and dynamics of ! Centauri (Meylan & Mayor 1986 ), based on a multi-mass dynamical model built up from one of the Jeans hydrodynamic equations (Meylan & Mayor 1986 ). Subsequently, the surface brightness pro le of the cluster and the mean radial velocities of the stars were simultaneously t to an anisotropic King-Michie multi-mass dynamical model, based on an assumed form of the phase-space distribution function f (E; J ) (Meylan 1987) .
A second series of radial velocity measurements of the same 318 stars was obtained during the years 1984 -1993 in order to detect radial velocity variables and study the spectroscopic binaries among the cluster giants. A rst estimate of the frequency of giant binaries in ! Centauri was published by Mayor et al. (1996) . A particularly noteworthy nding was that the peculiar Ba and S giants appear to be single, contrary to what is found for similar stars in the eld. As suggested by Lloyd-Evans (1983) , it is likely that these giant stars with peculiar chemical abundances represent the most metal-rich tail of the distribution of metal abundances in ! Centauri and that the strong Ba II and ZrO features result from a primordial excess of s-process elements. However, two spectroscopic binaries have been detected among the CH giant stars. An exhaustive discussion of the binary fraction in ! Centauri will be published elsewhere soon ).
Finally, in order to de ne the inner part of the velocity dispersion pro le more accurately, 151 additional cluster stars within a few minutes of arc from the cluster center were measured during the years 1989 -1993. The full sample of mean radial velocities for cluster members was used to constrain a King-Michie multi-mass dynamical model and to look for a possible central increase of the velocity dispersion (Meylan et al. 1995) . The same radial velocities are now used in a non-parametric study of the kinematics and dynamics of ! Centauri in the companion paper to this catalog (Merritt et al. 1997) . Part of these data are also used by Norris et al. (1997) in an investigation of the link between kinematics and stellar metallicity.
Conclusion
This present catalog of mean radial velocities for 471 giant members of the galactic globular cluster ! Centauri, accurate to typically 1 km s ?1 , provides a detailed and precise observational basis for dynamical studies of this and other globular clusters, a subject of much current interest. Earlier versions of the data have served in standard, analytical dynamical analyses of ! Centauri; the complete data presented here will allow a new, non-parametric approach to the subject, explored in a companion paper. In another paper, the binary population among the ! Centauri giants will be explored, with interesting new results on the properties of peculiar giant stars in the cluster and in the eld.
We thank our colleagues W. Benz and J.-C. Mermilliod, who contributed to the acquisition of this large sample of data. We are grateful to the ESO, the Danish Board for Astronomical Research, and the Danish Natural Science Research Council for substantial allocations of observing time and travel support. This study was partly supported by the Swiss National Science Foundation.
